INTRODUCTION
============

Caregivers of dementia patients play an important role in managing the progress of dementia. This care carries a high burden when a loved-one develops dementia or a condition associated with dependency.[@B1] Caregiver burdens include chronic fatigue, a sense of frustration, guilt, depressive symptoms, excessive distress, and loss of control over the caregiving situation.[@B2][@B3] As a result, caregiver neglect can negatively influence the progression of dementia symptoms in patients, or increase the chance that the patient will require care services and facilities at an earlier stage.[@B4][@B5] Therefore, caregiver burden is an important factor for the quality of life of both the caregiver and patient.

Previous studies have investigated important patient factors associated with caregiver burden, including cognitive function, activities of daily-living, and behavioral and psychological symptoms.[@B1][@B6][@B7][@B8][@B9] The majority of these studies found that neuropsychiatric symptoms, such as anxiety, agitation, aggressive behavior, and disinhibition, are more closely related to caregiver burden than other symptoms, such as lower cognitive function or limitations in the activities of daily-living.[@B8][@B9][@B10] However, inconsistent results have been reported in relation to whether cognitive deterioration of dementia patients is associated with increased caregiver burden. Certain studies have reported that lower cognitive function is associated with increased caregiver burden,[@B6][@B11] whereas others have found that cognitive function itself does not affect caregiver burden.[@B9][@B12] There are conflicting results on the relationship between the daily-living functioning of patients and caregiver burden.[@B1][@B13] Some consistent results indicate that increased disturbance of neuropsychiatric symptoms is associated with caregiver burden, whereas both cognitive function and daily activity function show conflicting results.[@B14]

Although there are many conflicting studies, the relationship between caregiver burden and other patient functions and symptoms (deteriorated cognitive function, limited daily activity function, and neuropsychiatric symptoms) has only been investigated using a total score for each measurement.[@B6][@B15] A simple total score analysis may affect the results, due to the fact that certain factors are very influential. Mini-Mental State Examination (MMSE), which is a measure of cognitive function, can be separated into six components.[@B16] Additionally, several factors can be extracted from activities of daily-living function scales, such as the Seoul-Activities of Daily Living (S-ADL)[@B17] and the Seoul-Instrumental Activities of Daily Living (S-IADL).[@B18] Therefore, it is necessary to examine whether there is a relationship between caregiver burden and the extracted detailed factors from the S-ADL and the S-IADL, as well as from the six Korean MMSE (K-MMSE) components. The relationship between caregiver burden and detailed patient symptoms or functions can be identified through each measurement.

Dementia symptoms can become more serious over time, and the progression of the severity of symptoms is likely to affect caregiver burden.[@B14] Recently, Mohamed et al.,[@B15] conducted a follow-up study investigating the relationship between the progression of dementia symptoms and caregiver burden. Their results show that changes in caregiver burden were significantly correlated with changes in neuropsychiatric symptoms (positively) and daily-living functions (negatively). However, changes in caregiver burden were only weakly associated with cognitive function. In addition, it was shown that changes in neuropsychiatric symptoms could significantly predict changes in caregiver burden, better than could daily-living and cognitive functions. Nevertheless, the previous study[@B15] was conducted within a short period (6-month follow-up) to identify detailed changes in caregiver burden and patient symptoms, thus it was limited to a clinical setting for persistent intervention and the assessment of dementia patients and their caregivers.

As a result of the aforementioned discrepancies in previous studies, we conducted the present study with the aim of examining the relationships between caregiver burden and patient variables (cognitive function, daily-living function, and neuropsychiatric symptoms) using baseline and 1-year follow-up data. Here, we also examine the relationship between the detailed factors of several measures of patient symptoms or functions, and caregiver burden. Furthermore, we examine the predicted change in caregiver burden through changes in patient variables.

METHODS
=======

Participants
------------

Data from 491 patients and their caregivers, who visited the Samsung Medical Center from March 2002 to April 2012, were selected. All patients met the dementia criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition[@B19] and the National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer\'s Disease and Related Disorders Association Work Group.[@B20] A caregiver was defined as a person who lived with the patient, or who would most likely provide care if needed.[@B21] Of the 491 eligible patients, 344 patients were lost to non-follow-up at 1-year. Thirty-seven caregivers refused to complete a questionnaire \[i.e., Zarit Burden Interview (ZBI)\] assessing caregiver burden. Thus, data from 110 patients were used in the analysis. This study was approved by the Institutional Review Board of the Samsung Medical Center, and signed informed consent was obtained from both caregivers and patients.

Measures
--------

### Dementia severity

Dementia severity of patients at baseline was assessed with the clinical dementia rating (CDR), a standardized global rating of dementia severity based on all available information about a patient.[@B22] CDR had a five-point scale ranging from 0 to 3. A higher CDR score indicates a more severe impairment: 0 (no cognitive impairment), 0.5 (very mild dementia), 1 (mild dementia), 2 (moderate dementia), and 3 (severe dementia).

### Cognitive function

Cognitive function was assessed using the Korean Mini-Mental State Examination (K-MMSE),[@B16][@B23] a brief 30-item measure of global cognitive ability. The K-MMSE is comprised of six components: time orientation (5 points), place orientation (5 points), registration (5 points), attention/calculation (5 points), recall (5 points), and language/visual construction (5 points). The K-MMSE had a score ranging from 0 to 30.

### Daily function

Daily function was assessed with the Seoul-Activities of Daily Living (S-ADL)[@B17] and the Seoul-Instrumental Activities of Daily Living (S-IADL).[@B18] The S-ADL was developed to assess an elderly individual\'s basic ability to perform activities of daily-living. It has 12 items (controlling bowels, controlling bladder, personal hygiene, using the toilet, feeding, transfer from floor to chair, walking indoors, dressing, ascending and descending stairs, bathing, left alone, and putting on shoes) on a three-point Likert scale ranging from 0 to 24, with higher scores indicating more dysfunctions. The S-IADL was also developed to assess an elderly individual\'s instrumental ability to perform activities of daily-living. The S-IADL has 15 items (using the telephone, shopping, preparing food/cooking, household chores, using transportation, walking outdoors, taking medications, managing finances, grooming, using household appliances, managing belongings, unlocking and closing an entrance door, keeping appointments, talking about recent events, and leisure/hobby activities) to evaluate functional abilities of daily-living. It has a four-point Likert scale ranging from 0 to 45, with higher scores indicating more dysfunctions.

### Neuropsychiatric symptoms

Neuropsychiatric symptoms were assessed using the Korean version of the Neuropsychiatric Inventory (K-NPI).[@B24][@B25] The K-NPI can evaluate both frequency and severity of 12 neuropsychiatric symptoms (delusions, hallucinations, agitation, depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behavior, sleep, and appetite). The K-NPI score ranges from 1 to 12 for each composite domain, with higher scores indicating stronger symptoms. The NPI has previously demonstrated proper validity and reliability,[@B25] and the reliability and validity of the Korean version of the NPI have also been established.[@B24]

### Caregiver burden

Caregiver burden was measured by the Korean translation of the Zarit Burden Interview (ZBI),[@B5][@B26] a widely used tool to measure perceived caregiver burden (e.g., \"Do you feel you should be doing more for your relative?\"). It has 22 items on a five-point Likert scale ranging from 1 (never) to 5 (nearly always). Total scale scores range from 22 to 110, with higher scores indicating greater caregiver burden.

Study design and statistical analyses
-------------------------------------

Baseline and 1-year follow-up data were gathered for caregiver burden (ZBI) and patient variables (K-MMSE, S-ADL, S-IADL, and K-NPI). Factor analyses were conducted at baseline to extract the detailed S-ADL and S-IADL factors. Scores were calculated for each of the six K-MMSE components to determine whether there was any relationship between caregiver burden and patient variables (extracted detailed factors from the S-ADL and S-IADL, and six components of the K-MMSE). Bivariate analyses were conducted between the total ZBI score and patient variables (K-MMSE, S-ADL, S-IADL, K-NPI, six components of the MMSE, and extracted detailed factors from the S-ADL and S-IADL) to examine which patient variables can best describe caregiver burden. A multiple regression analysis was subsequently conducted with each variable that was significantly correlated with the ZBI, to identify identify determinants influencing caregiver burden. Bivariate analyses were also conducted between changes in the ZBI total score, and changes in the scores of the aforementioned patient variables. The change scores were obtained by subtracting baseline scores from the scores of the 1-year follow up. Subsequently, in order to determine which patient variable could best describe, and predict the change in, caregiver burden, a multiple regression analysis was conducted with change scores of each variable that significantly correlated with changes on the ZBI. Statistical analyses were carried out using SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA), and a result was considered statistically significant with a p value of less than 0.05.

RESULTS
=======

Participant characteristics
---------------------------

Mean age, gender ratio, years of education, ZBI, K-MMSE, S-ADL, S-IADL, and K-NPI scores of participants are summarized in [Table 1](#T1){ref-type="table"}. 68 (61.8%) participants have Alzheimer\'s disease, 7 (6.4%) have vascular dementia, and 35 (31.8%) have other types of dementia including mixed dementia. CDR was rated at 0.5 for 18 participants (16.4%), at 1 for 52 participants (47.3%), at 2 for 35 participants (31.8%), and at 3 for 5 participants (4.5%). No significant correlation was observed between caregiver burden and age (r=-0.10, p=n.s.) or years of education (r=-0.02, p=n.s.). No significant difference was observed between caregiver burden and gender ratio \[F(1, 108)=0.13, p=n.s.\].

Factor analyses
---------------

We clarified the relationship between the S-ADL factors or the S-IADL factors and the ZBI total scores. Therefore, an exploratory factor analysis was conducted separately with the S-ADL and the S-IADL scores. Firstly, a maximum likelihood factoring method was used to extract factors from the S-ADL using the Promax (Kappa=4) rotation method. The results suggest that a three-factor solution was optimal. This was confirmed by a scree plot that revealed a clear break after the third factor. The first factor was comprised of items 3, 4, 5, 8, 10, 11, and 12 (Eigen value=5.92), which were related to \"self-care/hygiene\". Items 6, 7, and 8 were included as the second factor (Eigen value=1.60), which represented \"ambulation\". The third factor included items 1 and 2 regarding \"toilet use\"\' (Eigen value= 1.10). The three factors explained 49.32% of the total variance ([Supplementary Table 1](#S1){ref-type="supplementary-material"} in the online-only Data Supplement).

Two S-IADL factors were extracted based on the scree plot. Items 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, and 14 were included in the first factor (Eigen value=7.04), whereas items 7, 11, 13, and 14 were included in the second factor (Eigen value=1.36). The first factor was called \"non-memory-related functioning\" related to \"making phone calls\", \"using transportation\", and \"grooming\". The second factor was called \"memory-related functioning\" including \"keeping appointments\", \"talking about recent events\", and \"taking medications\" ([Supplementary Table 2](#S1){ref-type="supplementary-material"} in the online-only Data Supplement).

Bivariate analyses
------------------

Bivariate analyses were carried out to investigate the relationships between caregiver burden and three patient variables \[cognitive function, daily living function, and neuropsychiatric symptoms ([Table 2](#T2){ref-type="table"})\]. The total ZBI and the total K-NPI scores were positively associated (r=0.37, p\<0.001). Additionally, the correlation between the ZBI score and the total K-MMSE score and its six components were analyzed. As a result, the total K-MMSE score was marginally negatively correlated with the ZBI total score (r=-0.19, p=0.05). The ZBI total score was negatively associated with \"language and visual construction\" (r=-0.20, p\<0.05).

The correlation analysis among the ZBI score, the total S-ADL score, and its three factors revealed a significant correlation between the ZBI score and self-care/hygiene (r=-0.20, p\<0.05). The same analysis was performed for the ZBI and the S-IADL score and its two factors. The total S-IADL score and its two factors were significantly correlated with the ZBI (total S-IADL: r=0.26; p\<0.01; \"non-memory-related functioning\": r=0.28, p\<0.01; \"memory-related functioning\": r=0.20, p\<0.05).

The relationships between the ZBI and the detailed behavioral problems that are linked to caregiver burden were examined. The total ZBI score was positively correlated with K-NPI-delusions (r=0.23, p\<0.05), K-NPI-anxiety (r=0.24, p\<0.05), K-NPI-euphoria (r=0.21, p\<0.05), K-NPI-disinhibition (r=0.26, p\<0.01), K-NPI-irritability (r=0.26, p\<0.01), and K-NPI-aberrant motor behavior (r=0.26, p\<0.01).

Correlation analysis was carried out to investigate whether there is a relationship between changes in the ZBI total score and changes in behavioral problems in dementia patients from baseline to the 1-year follow-up ([Table 2](#T2){ref-type="table"}). Changes in the ZBI score were significantly correlated with the total K-NPI score (r=0.42, p\<0.001), \"self-care/hygiene\" (r=0.22, p\<0.05), the total S-IADL score (r=0.25, p\<0.01), and the S-IADL \"memory-related functioning\" factor (r=0.31, p=0.001).

Finally, the correlation between changes in caregiver burden and changes in behavioral problems was examined. The ZBI total score was significantly correlated with K-NPI-delusions (r=0.37, p\<0.001), K-NPI-irritability (r=0.34, p\<0.001), K-NPI-depression (r=0.26, p\<0.01), and K-NPI-sleep (r=0.27, p\<0.01).

Regression analyses
-------------------

Clinical variables of patients, with significant correlations with the ZBI total score were entered into the multiple regression analysis to identify variables that can best describe caregiver burden ([Table 3](#T3){ref-type="table"}). The total K-NPI score was a significant predictor of caregiver burden \[β=0.37, t(108)=4.08, p\<0.001\].

Changed clinical variable scores of patients, with significant correlations with the change in the ZBI score were entered into a multiple regression analysis to predict the change in caregiver burden ([Table 3](#T3){ref-type="table"}). The 1-year change in caregiver burden was predicted by the change in the total K-NPI score \[β=0.37, t(107)=4.19, p\<0.001\] and the S-IADL \"memory-related functioning\" factor \[β=0.22, t(107)=2.46, p\<0.05\].

A multiple regression analysis was carried out at baseline to investigate which of the detailed behavioral problems can affect caregiver burden ([Table 4](#T4){ref-type="table"}). The total ZBI score was the dependent variable. Each of the K-NPI items that were significantly correlated with the ZBI score were independent variables. The following were found to be significant predictors affecting caregiver burden: K-NPI-irritability \[β=0.20, t(105)=2.20, p\<0.05\], K-NPI-aberrant motor behavior \[β=0.21, t(105)=2.40, p\<0.05\], K-NPI-delusions \[β=0.20, t(105)=2.23, p\<0.05\], and K-NPI-disinhibition \[β=0.20, t(105)=2.22, p\<0.05\]. Additionally, the change in each of the K-NPI items scores, that had a significant association with the change in the ZBI total score, was entered into a multiple regression analysis ([Table 4](#T4){ref-type="table"}). As a result, K-NPI-delusions \[β=0.29, t(107)=3.19, p\<0.01\] and K-NPI-agitation \[β=0.24, t(107)=2.63, p=0.01\] were found to be able to significantly predict the total ZBI change score.

DISCUSSION
==========

We investigated the relationships between caregiver burden and cognitive function, activities of daily-living, and neuropsychiatric symptoms in dementia patients. In particular, we examined the significant relationships between changes in variables of patients with dementia and changes in caregiver burden at the 1-year follow-up. Consistent with the majority of previous studies,[@B7][@B8] we found that increased caregiver burden was steadily associated with patient neuropsychiatric symptoms at baseline and at the 1-year follow-up. Also, neuropsychiatric symptoms were the strongest predictor of caregiver burden at baseline and of changes between baseline and the 1-year follow-up. That is, neuropsychiatric symptoms were the most strongly associated factors with caregiver burden, suggesting that behavioral disturbances are the most important patient variable impacting caregiver burden.[@B15]

More specifically, our results show that delusions, disinhibition, irritability, and aberrant motor behavior were predictors of increased caregiver burden at the baseline. Additionally, delusions and agitated behavior increased caregiver burden at the 1-year follow-up. Noteworthy, our results also show that delusions are the persistent predictor of increased caregiver burden. Such neuropsychiatric symptoms, including delusions may be improved by pharmacotherapy to decrease caregiver burden.[@B27] In addition, a symptom that is likely to resolve or persist at a low level may best be addressed by simple behavioral interventions and caregiver support and education.[@B28] In this respect, it is important to consider the type of symptom and its severity in understanding the burden of both the patient and caregiver. The recommended treatment intervention could be determined, at least in part, by symptom severity.

Several neuropsychiatric symptoms, such as delusions, disinhibition, irritability, and aberrant motor behavior, are reported to be linked to frontal lobe abnormalities.[@B29] Agitation has also been strongly associated with functional disability and frontal-executive dysfunction across a range of dementia severity. Our findings suggest that interventions targeting a patient\'s behavioral symptoms could be an effective approach to decrease caregiver burden. Although our results are not applicable to all cases, clinical interventions with focus on controlling frontal-executive function may help to reduce caregiver burden. A previous study has suggested that frontal-executive dysfunction is an accurate predictor of caregiver burden.[@B30] Thus, strategies to manage frontal-related behavioral problems, particularly executive dysfunction and disinhibition, will be important interventions to decrease caregiver burden. Mohamed et al. showed that treatment with antipsychotic drugs reduced psychiatric symptoms in patients with Alzheimer\'s disease, which significantly reduced caregiver burden.[@B31]

Memory-related daily-living function, such as keeping appointments, was not a predictor of caregiver burden at baseline but was at the 1-year follow-up. This may be due to the fact that a caregiver was more concerned about a patient\'s memory-related daily functions. As the memory impairment of patients became worse, it may have increased caregiver burden. However, patients basic daily-living function did not predict caregiver burden. Indeed, the number of patients with severe dementia was small. That is, 5 patients were rated as CDR 3 stage and they constitute a relatively small portion (4.5%) of the total sample. Nevertheless, the cause of the null effect on caregiver burden should be identified, whether it is the small number of the CDR 3 stage in patients, or the effect of deteriorated memory per se. Meanwhile, the S-ADL scores (M=3.26 at baseline) were lower than the average score, indicating that patients in this study did not have severe impairments in basic daily-living functions. Further studies are needed to verify the possible impact of dementia severity on daily-living functions.

A previous study suggests that language and poor communication, as well as impaired praxis, difficulties with coordination, and problems with spatial awareness contributed to caregiver burden.[@B14] Deteriorating language and visual construction were associated with caregiver burden at baseline of our study. Although the literature is inconclusive about the relationship between caregiver burden and cognitive function in patients with dementia,[@B9][@B12] we observed an association between language deterioration and visual construction and caregiver burden by separating the specific K-MMSE cognitive domains. Further study will be needed to verify which deteriorated cognitive function is an important factor affecting caregiver burden, and the reason why the cognitive function is associated with caregiver burden.

There exist a few important limitations in our study. Firstly, the current study did not measure possible factors that would yield systematic influence on caregiver burden, such as dementia severity, dementia type, age of onset (length of illness), or physical and psychiatric comorbidities. Further research would benefit from considering these factors, as it would enhance the generalizability of current findings. In addition, some studies have demonstrated the role of influence of family relationship between the patient and the caregiver on caregiver burden.[@B32][@B33][@B34] However, the present study did not measure this factor (e.g., spouse, child, or other relatives). Thus, we suggest further study include relationship factor in their measures.

Secondly, patients and caregivers used in this study were from a specific clinical setting. Unfortunately, a considerable number of patients were lost to non-follow-up at 1-year, and the small sample size may also be classed as a limitation. Therefore, further study with samples from a regional community or various clinical settings might be needed. Additionally, even though our study was conducted as a longitudinal study and we acquired our data over 1 year, which is a relatively long time span compared with that of the previous study, extending the follow-up period would help to identify the long-term effects of patient symptoms in caregiver burden. Thirdly, although the present study shows that cognitive functioning based on the K-MMSE was not a significant predictor of caregiver burden, more diverse cognitive assessments will be needed in order to build a broader comprehension of the relationship between cognitive deterioration and caregiver burden.

Although this study has some limitations, we have provided some implications for the relationships between caregiver burden and clinical variables of dementia patients, using our 1-year follow-up data. We used detailed factors or sub domains for each patient\'s clinical variable measurements (MMSE, S-ADL, S-IADL, and NPI) to verify the relationships between caregiver burden and dementia variables. Our results demonstrate which factor is the most significant predictor of caregiver burden among variables, and which factor could decrease caregiver burden. With our findings, we hope that more clinical research on caregiver burden will be conducted, so that caregivers of patients with dementia can receive more attention and appropriate intervention to decrease caregiver burden.
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###### Supplementary Table 1

Item loadings for the three-factor solution of the Seoul-Activities of Daily Living

###### Supplementary Table 2

Item loadings for the two-factor solution of the Seoul-Instrumental Activities of Daily Living

###### Demographic data and clinical characteristics (N=110)
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AD: Alzheimer\'s disease, VD: vascular dementia, CDR: Clinical Dementia Rating, ZBI: Zarit Burden Interview, K-MMSE: Korean version-Mini Mental State Examination, S-ADL: Seoul-Activities of Daily Living, S-IADL: Seoul-Instrumental Activities of Daily Living, K-NPI: Korean version-Neuropsychiatric Inventory, M: mean, SD: standard deviation

###### Bivariate correlations between caregiver burden and other variables at baseline and bivariate correlations for the changes in caregiver burden and other variables at the 1-year follow-up
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^\*^p\<0.05, ^\*\*^p\<0.01, ^\*\*\*^p\<0.001, ^†^p\<0.06. ZBI: Zarit Burden Interview, K-MMSE: Korean version-Mini Mental State Examination, S-ADL: Seoul-Activities of Daily Living, S-IADL: Seoul-Instrumental Activities of Daily Living, K-NPI: Korean version-Neuropsychiatric Inventory

###### Results of the multiple regression for caregiver burden at baseline and change in caregiver burden at the 1-year follow-up
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###### Results of the multiple regression for caregiver burden from the K-NPI and the detailed items at baseline and at the 1-year follow-up
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